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(57) ABSTRACT

A flmd accumulator arrangement suitable for use with a com-
pression i1gnition internal-combustion engine comprising a

first storage volume, a second storage volume, and valve
means tluidly connected between the first storage volume and
the second storage volume. In one embodiment, the valve
means 1s a three-way control valve wherein, 1n a first position,
the first storage volume communicates with the second stor-
age volume, 1n a second position the first storage volume 1s
1solated from the second storage volume and, in a third posi-
tion, one of the first or second storage volumes communicates
with a low pressure drain. The arrangement may also include
control means to operate the valve means in accordance with
predetermined control strategies.
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FLUID ACCUMULATOR ARRANGEMENT
FOR AN INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

The mvention relates to an accumulator arrangement for
high pressure tluid. More specifically, although not exclu-
stvely, the invention relates to an accumulator arrangement
for storing high pressure fuel 1n a fuel injection system of a
compression-ignition iternal combustion engine.

BACKGROUND OF THE INVENTION

The compression-ignition 1nternal combustion engine, or
‘diesel’ engine as 1t 1s more commonly known 1n the art, 1s a
propulsion system that 1s used 1n many on-road and off-road
applications, for example: small and large family cars, freight
carrying vehicles, electrical power generation and marine
propulsion systems.

As shown 1n FIG. 1, a typical diesel engine system 2
includes an engine block 4 and a fuel delivery system 6 for
delivering fuel to the cylinders (not shown) of the engine
block 4. The fuel delivery system 6 comprises a plurality of
clectronically-operated fuel injectors 8, one associated with
cach respective cylinder of the engine block 4. It should be
appreciated that the diesel engine system 2 shown 1n FIG. 1
has been simplified for present purposes.

The fuel mjectors 8 are supplied with high pressure fuel
from a high pressure fuel accumulator volume 10, which 1s
more usually referred to as a ‘common rail’. The common rail
10 1s 1n the form of a metallic body that defines an internal
volume for recerving and housing pressurised fuel. A fuel
pump 12 draws low pressure fuel from a fuel tank 14, and
supplies high pressure fuel to the common rail 10.

The volume of Tuel that 1s delivered by the 1njectors 8 to the
engine 1s controlled by an engine control system 16. The
engine control system 16 receives, by way of a sensor input
data link 18, real time data relating to many vehicle param-
eters such as engine speed, engine temperature and throttle
pedal position and, 1n response to such sensor input, calcu-
lates an appropriate volume of fuel to deliver to the cylinders
ol the engine so as to achieve the desired operating condition.

The volume of tuel that 1s delivered by the mjectors 8 1s
generally a function of the pressure of Tuel and the time period
for which the mjector 1s ‘open’. It 1s therefore important for
the pressure of fuel stored 1n the common rail 10 to be con-
trolled precisely 1n order for the combustion process to be
maintained at an optimum level.

There are certain considerations that govern the design of a
common rail for any given application. For instance, 1n some
engine applications the load on the engine changes abruptly.
In order to maintain optimum combustion under such load
changes 1t 1s desirable for the pressure of fuel within the
common rail to be increased significantly and promptly when
the engine load increases. In such circumstances 1t 1s prefer-
able for the internal volume of the common rail to be kept
relatively small. On the other hand, 1t 1s desirable for the
pressure of fuel in the common rail to be unresponsive to
injector filling events and a larger volume 1s more suitable for
this purpose. However, in practice, each of these design con-
straints comes with disadvantages so the design of the com-
mon rail results 1n a compromise between providing a com-
mon rail with suilicient volume so that 1t 1s acceptably robust
to unwanted pressure changes but with a small enough vol-
ume so that the high pressure fuel pump can change the fuel
pressure 1n the common rail rapidly enough to maintain opti-
mum combustion.
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It 1s an object of the invention to provide an improved
common rail that avoids or at least mitigates at least some of

the alforementioned problems that are associated with exist-
ing high pressure common rail devices.

SUMMARY OF THE INVENTION

According to a first aspect of the mvention, there 1s pro-
vided a fluid accumulator arrangement suitable for use with a
compression ignition internal-combustion engine comprising
a first storage volume, a second storage volume, and a valve
fluidly connecting the first storage volume and the second
storage volume, wherein the valve 1s a three-way control
valve and wherein, 1n a first position, the first storage volume
communicates with the second storage volume, 1n a second
position the first storage volume 1s 1solated from the second
storage volume and, 1n a third position, one of the first or
second storage volumes communicates with a low pressure
drain.

The invention has particular utility 1n the context of a diesel
engine 1n which the accumulator volume (hereinafter ‘com-
mon rail”) 1s fluidly connected to a plurality of fuel 1njectors
that are arranged to deliver high pressure fuel to respective
cylinders of the engine. Therefore, the invention described
hereinafter extends to a fuel injection system comprising such
a common rail, a fuel pump arranged to supply pressurised
fuel to the common rail and a plurality of injectors arranged to
be supplied with fuel by the common rail.

The advantage of the invention is that the common rail 1s
divided into two separable storage volumes that are linked by
an electrically operated valve, the effect of which 1s to provide
a variable volume common rail. As a result, the total volume
of the common rail for storing pressurised fuel can be maxi-
mised by linking the first and second storage volumes which
ensures that the flwmd pressure 1n the rail 1s relatively unat-
tected by fuel imjection events. Alternatively, the first and
second storage volumes may be 1solated such that the pres-
sure of fuel 1n the common rail can be increased or decreased
rapidly in response to a change 1 engine load that demands a
change 1n rail pressure.

A further advantage 1s that pressurised fuel in the second
storage volume may be discharged to low pressure without
alffecting the pressure in the first storage volume, such a
situation being desirable for some combustion requirements
and/or to reduce system stresses.

In a further embodiment of the mmvention there may be
provided a further one or more storage volumes with respec-
tive valve to connect said further one or more storage volumes
to the first storage volume. This embodiment provides the
advantage that the total volume of the accumulator arrange-
ment may be varied 1n a step-wise manner for greater volu-
metric control.

In one embodiment of the invention, the first storage vol-
ume 1s a primary volume and, as such, 1s provided with
connections to each of the plurality of injectors 1n the fuel
injection system and 1s also provided with a connection to the
high pressure fuel pump.

In addition, the first storage volume may also be provided
with a pressure sensor preferably 1n the form of an 1nvasive
pressure sensor installed therein. Due to 1ts installation 1n the
first storage volume, the pressure sensor senses the pressure
of fuel 1n the first storage volume alone when 1t 1s 1solated
from the second storage volume, and senses the pressure of
tuel 1n the combined first and second storage volumes when
they are connected by the valve. Alternatively, or 1n addition,
the second volume may also be provided with a suitable
pressure sensor.
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In a second aspect, there 1s provided a fluid accumulator
arrangement suitable for use with a compression 1gnition
internal-combustion engine comprising a first storage vol-
ume, a second storage volume, and a valve fluidly connecting
the first storage volume and the second storage volume,
wherein the valve 1s operable between first and second posi-
tions such that, 1n the first position, the first storage volume
communicates with the second storage volume and, in the
second position, the first storage volume 1s 1solated from the
second storage volume. The arrangement further comprises a
turther one or more storage volumes each provided with a
respective one of one or more further valves to connect said
turther one or more storage volumes to the first storage vol-
ume.

It should be noted at this point that preferred and/or
optional features of the first aspect of the invention may be
combined as appropriate with the second aspect of the mnven-
tion, and vice versa.

In order for the fluid tlow between the first storage volume
and the second storage volume to be controlled by an elec-
tronic control arrangement, the valve may be an electrically
actuated valve. In 1ts simplest form, the valve may be a two-
way valve 1n which, 1n a first position, the first storage volume
communicates with the second storage volume and, 1n a sec-
ond position, communication between the first storage vol-
ume and the second storage volume 1s prevented.

From another aspect, there 1s provided a fluid accumulator
arrangement for use 1n a fuel mjection system, the accumus-
lator arrangement including a first storage volume, a second
storage volume, and a valve fluidly connecting the first stor-
age volume and the second storage volume, and a control
module arranged to recerve a signal indicative of the stability
ol an engine operating condition and being operable to con-
trol the valve 1n response to the signal.

In order for the pressure 1n the first and second storage
volumes to be substantially unatfected by the operation of
injectors associated therewith, 1t 1s preferred that the control
module operates the valve such that the first storage volume
communicates with the second storage volume in circums-
stances 1 which the signal (for example, tuel pressure
demand 1n the first, primary volume) indicates a relatively
stable engine running condition.

Alternative, or 1n addition, the valve control module oper-
ates the valve such that the first storage volume 1s 1solated
from the second storage volume in circumstances in which
the signal indicates a relatively unstable engine running con-
dition. Therefore, a pumping system that 1s used to supply
pressurized fuel to the first storage volume 1s able to raise the
pressure of fuel contained 1n the first storage volume to keep
pace with the demanded fuel pressure. Advantageously, this
enables a lower capacity pump to be used 1n such a system.

It should be noted that although it 1s envisaged that a fuel
pressure demand signal would be suitable to use as represent-
ing the stability of the engine operating condition, other
parameters could also be suitable: for example, a value indi-
cating the error between the demanded fuel pressure and the
actual fuel pressure; rate of change of throttle position.

In one embodiment, the valve control module 1s arranged to
receive a signal indicative of an engine start event, in which
circumstances the valve control module operates the valve
such that the first storage volume 1s 1solated from the second
storage volume. As a result of this, the pressure of fuel within
the first storage volume can be raised more quickly than when
the first and second storage volumes are linked, which 1s
beneficial during engine starting.

In a further aspect, there 1s provided a fluid accumulator
arrangement including a first storage volume, a second stor-
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age volume, a valve fluidly connecting the first storage vol-
ume and the second storage volume, and a control module
arranged to receive a signal indicative of an engine start event,
in which circumstances the control module 1s operable to 1)
determine a first pressure value indicative of fluid pressure 1n
the first storage volume; 1) determine a second pressure value
indicative of fluid pressure 1n the second storage volume; 111)
calculate a third pressure value indicative of tluid pressure 1n
the combined volume of the first storage volume and second
storage volume; 1v) compare the third pressure value with a
predetermined threshold value; and 1v) operate the valve to
fluadly link the first storage volume and the second storage
volume 11 the third pressure value 1s substantially equal to or
greater than the predetermined threshold.

In order that a suitable engine associated with the accumu-
lator arrangement may be started as rapidly as possible from
key-on, the atorementioned predetermined threshold value
may represent the minimum tluid pressure required 1n the first
storage volume required to mitiate a combustion event in the
engine.

Further, the control module may be arranged to receive a
signal of an engine stop event and, 1n response, to configure
the valve to 1solate the first storage volume from the second
storage volume prior to a subsequent engine start event.

The control module may be configured to operate the valve
during operation of an associated engine to optimise the pres-
sure 1n the second storage volume.

Suitably, this may involve the control module being con-
figured to momitor the pressure of fuel 1n the first storage
volume and the second storage volume when the volumes are
1solated from one another, and being configured to link the
first storage volume to the second storage volume for a pre-
determined time period in circumstances where the pressure
in the first storage volume exceeds the pressure 1n the second
storage volume.

It should be appreciated that preferred and or optional
features of the various aspects of the mvention described
above may be combined with one another as appropriate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified schematic view of a known diesel
engine system.

FIG. 2 1s a schematic view of a common rail arrangement of
a first embodiment of the invention;

FIG. 3 1s a flow diagram of a control strategy applicable to
the common rail arrangement of FIG. 2;

FIG. 4 15 a flow diagram of an alternative control strategy;

FIG. 5 1s a flow diagram of a further alternative control
strategy;

FIG. 6 1s a schematic view of an alternative common rail
arrangement to that in FIG. 2; and

FIG. 7 1s a schematic view of a further alternative common
rail arrangement.

SPECIFIC DESCRIPTION OF THE
EMBODIMENTS

Referring to FIG. 2, a fuel injection system 20 1s shown
schematically and includes an accumulator, or ‘common rail’,
arrangement 22 (shown bounded by the dashed line) that 1s
connected to a high pressure fuel pump 24 and a plurality of
tuel injectors 26. Although not shown 1n FIG. 2, 1n use, the
tuel injectors 26 are installed 1n an engine block of an internal
combustion engine to deliver fuel to respective cylinders of
the engine.
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The common rail arrangement 22 comprises three main
components: a first storage volume 27, a second storage vol-
ume 28 and a valve means in the form of an electrically
actuated two-way valve 30 that fluidly connects the first stor-
age volume 27 to the second storage volume 28. Hereafter, the
first storage volume 27 will be referred to as the ‘primary
volume’ and the second storage volume 28 will be referred to
as the ‘secondary volume’, the primary volume 27 being
shown having a larger capacity than the secondary volume 28.

The primary volume 27 and the secondary volume 28 are
relatively thick metal-walled tubes that are configured to con-
tain and withstand high pressure fluid 1n the form of diesel
tuel. For the purposes of this invention, the exact configura-
tion of the primary and secondary volumes 27, 28 is not
critical and the skilled person will appreciate that they may
take other forms, for example spherical or part-spherical pres-
sure vessels which are capable of storing fluid from pressures
of around 150 bar up to pressures 1n the region of 2000 to 3000
bar.

Annner end of each of the primary and secondary volumes
277, 28 1s connected to the two-way valve 30 thereby fluidly
connecting one volume to the other. The two-way valve 30 1s
operable between first and second positions. In the first posi-
tion, as 1s shown 1n FIG. 2, the primary volume 27 1s 1 fluid
communication with the secondary volume 28 such that a
single, relatively large volume for high pressure fuel 1s pro-
vided. However, 1n the second position, the two-way valve 30
breaks communication between the primary volume 27 and
the secondary volume 28. Thus, the two-way valve 30 pro-
vides a means to vary the total accumulator volume by selec-
tively opening and closing communication between the first
and second storage volumes 27, 28.

A pressure sensing means in the form of an ivasive pres-
sure sensor 32 1s installed on an outer end of the primary
volume 27 opposite the two-way valve 30. Although 1t 1s not
essential for the pressure sensor 32 to be mounted on the
primary volume 27 (pressure sensing means could be pro-
vided elsewhere in the system; at the injector inlets for
example), the pressure sensor 32 provides a reliable and cost-
cifective means to measure the pressure of fuel within the
primary volume 27. An outer end of the secondary volume 28
1s sealed by a sealing member 34, although 1t should be
appreciated that a separate sealing member 1s not essential
and the closed end could be an 1ntegral part of the secondary
volume 28. Alternatively, the outer end of the secondary
volume 28 may also be provided with a pressure sensor in
order to provide a direct means to evaluate the fuel pressure
therein.

The high pressure pump 24 draws low pressure fuel from a
tuel tank 35 and supplies pressurised fuel to the primary
volume 27 by way of a first high pressure connection 40. Each
of the four fuel injectors 26 1s also connected to the primary
volume 27 by additional respective high pressure connections
42. It should be noted that although not shown here for ease of
understanding, the tuel injection system may also include one
or more fuel filters, 11t pumps and/or fuel coolers/heaters.

The fuel mjection system 20 also includes an 1njection
control module or “unit” 50 which 1s electrically connected to
the fuel mjectors 26 1n order to control the injection of fuel
therefrom, a pump control module or ‘unit” 52 electrically
connected to the fuel pump 24 i order to control 1ts fluid
output rate to the primary volume 27, and a valve control
module or ‘unit’ 54 to control the operation of the two-way
valve 30 according to an appropriate control strategy, to be
described in further detail later.

It should be appreciated that although the valve control
module 54, the pump control module 52 and the injector
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control module 50 have been described as individual units, 1n
practice, the functionality of these units may be combined so
as to come under the authority of an engine management
system (not shown) which coordinates the functionality of the
units, and other vehicle sub-systems, 1n order to provide the
desired operation of the fuel injection system 20.

FIG. 3 illustrates one example of a control strategy imple-
mented by the valve control module 1n FIG. 2, the control
strategy being particularly suited to optimising the transient
response of the fuel pressure 1n the common rail arrangement
22 to changes 1n demanded rail pressure.

Consider, for example, a road vehicle cruising along a
carriageway, the road vehicle having an engine in which the
fuel 1njection system 20 of the mvention 1s mstalled. In such
a stable engine operating condition, the fuel delivery rate
demanded by the engine, and therefore the demanded fuel
pressure, 1s relatively constant and substantially stable. In
such circumstances, it 1s preferable for the overall volume of
the common rail arrangement to be large so that the pressure
1s relatively unatfected by pumping pulses and the intermait-
tent operation of the fuel injectors. Therefore, the valve con-
trol module 54 sets the two-way valve 30 1nto the first position
so as to link the primary and secondary volumes 27, 28. This
initial condition of a suitable control strategy 1s represented 1n
FIG. 3 by step 100. In other words, the pressure of fuel 1n the
rail 1s robust to small perturbations caused by mjection events
and filling pulses.

The control strategy 1n FIG. 3 carries out continual moni-
toring of the rail pressure demand signal that it used by the
pump control module 52 to determine the volume of tuel that
needs to be supplied to the common rail 1n order to meet the
demanded fuel rail pressure. This can be seen at checking step
102 at which point the control strategy checks a stability
parameter which, for present purposes, 1s the rail pressure
demand signal.

At decision step 104, the control strategy determines
whether the rate of change of the fuel rail pressure demand
signal 1s stable; that 1s to say within predefined acceptable
levels. It the rail pressure demand signal 1s determined to be
stable, the valve control module 54 maintains the two-way
valve 30 1n the first position so that the volumes of the primary
and second volumes are combined. Such circumstances may
be where there 1s only a relatively gradual change in engine
operating condition causing only moderate instability in the
rail pressure demand signal, for example during moderate
acceleration or when the road vehicle 1s travelling up a mod-
erate incline. The process then loops back to step 102 and will
continue monitoring in this manner until the stability param-
cter becomes unstable.

During relatively rapid changes 1n engine operating condi-
tions, for example under heavy acceleration, or unstable
acceleration, during which the rail pressure demand signal
will change comparatively quickly, the decision step 104
returns a negative value and the valve control module 54
operates the two-way valve 30 so that 1t occupies 1ts second
position thereby 1solating the secondary volume 28 from the
primary volume 27, as represented by step 106. In this situa-
tion, since the fuel pump 24 1s only supplying fuel to the
primary volume 27, the pump control module 52 1s better able
to control the fuel pump 24 so as to change the pressure of fuel
in the primary volume 27 quickly to keep up with the change
in fuel pressure demanded by the injector control module 50.

Following step 106, the strategy loops back to step 102 and
thus continues to monitor the rail pressure demand signal
such that the primary and secondary volumes 27, 28 will
remain 1solated by the valve 30 until the rail pressure demand
signal returns to a stable condition.
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In the above-described operating strategy, the valve control
module 54 1s operable to optimise the transient response
performance of the common rail arrangement 22, whilst
ensuring that the pressure in the common rail arrangement 1s
robust to relatively gradual changes 1in mput and output. It
should be noted at this point that although the control strategy
bases the decision on the status of the valve 30 on the stability
of the rail pressure demand signal, 1t 15 equally possible for
other signals to be used. As a non-limiting example, two such
parameters from which a measure of engine stability can be
derived are the error signal representing the mismatch
between the demanded rail pressure and actual rail pressure,
and the delivery demand signal indicating the required tuel
delivery from the injectors.

Another circumstance in which the valve control module
54 maintains the two-way valve 59 1n the second position 1s
during an engine start event and particularly during the time
period following engine start when it may be necessary to
bring the fuel rail pressure up to a relatively high level
quickly. Isolating the primary and secondary volumes 27, 28
during an engine start event, as 1s described 1n further detail
below, 1s beneficial because the pump control system 52 1s
able to operate the fuel pump 24 to achieve the desired fuel
pressure in areduced time compared to a fuel injection system
which 1s equipped with only a single-volume common rail
arrangement. In this respect, FIG. 4 illustrates a further con-
trol strategy that may be implemented by the valve control
module 54 to improve the starting speed of the engine.

At step 200, the engine 1s running normally and the valve
control module 54 1s operating the valve 30 of the common
rail arrangement 22 1n accordance with a predetermined valve
control strategy, for example as described above with refer-
ence to FIG. 3 or, alternatively, as described below with
reference to FI1G. 5. At this point, the valve control strategy 1s
in a wait state and monitors for an engine stop signal to be
received from the engine management system.

Atstep 202, the valve control module 34 recerves an engine
stop signal and, 1n response, ensures that the valve 30 1s
actuated so as to isolate the primary volume 27 from the
secondary volume 28 such that pressurised fuel 1s trapped 1n
the secondary volume 28. At this point, the valve control
strategy enters a further wait state and monitors for an engine
start signal to be recerved from the engine management sys-
tem. It should be noted that following an engine stop signal,
the pressure 1n the primary volume 27 1s caused to reduce
substantially to ambient pressure so as reduce stresses in the
system.

Upon receipt of an engine start signal, at step 204, the valve
control strategy begins a process to determine the most appro-
priate action for the valve 30 1n order to minimise the start
time for the engine. As a {irst action 1n this process, at step
204, the valve control strategy evaluates the pressure of fuel
contained 1n the secondary volume 28 by reading a pressure
sensor attached thereto (not show 1n FIG. 2). Alternatively, 1t
should be appreciated that the pressure 1n the secondary vol-
ume could be determined by retrieving, ifrom memory, a value
representing the pressure n the primary volume just prior to
the pnmary and secondary volumes being isolated-note at
this point the pressure 1n the primary and secondary volumes
are equal.

At step 206, a calculation 1s performed to determine the
pressure of Tuel that would result if the primary and secondary
volumes 27, 28 were linked by approprate operation of the
valve 30.

At step 208, the value calculated 1n step 206 (hereinaiter
referred to as the ‘combined volume pressure’) 1s compared
with a predetermined value representing the minimum fuel
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pressure that 1s necessary to enable the engine to start 1.e. for
combustion to be carried out 1n the cylinders of the engine,
which 1s hereinafter referred to as the “minimum start pres-
sure’.

If step 208 determines that the combined volume pressure
1s equal to or greater than the minimum start pressure, then the
strategy continues to step 210 at which the valve control
module operates the valve 30 so as to link the primary and
secondary volumes 27, 28. Following this action, the high
pressure pump 24 1s configured by the pump control module
52 to deliver fuel to the common rail arrangement 22 at a
minimum delivery rate, since no fuel delivery 1s necessary in
order for the common rail to reach minimum start pressure.

Finally, at step 212, the engine 1s restarted and the process
continues to step 214 at which point the current valve control
strategy passes control to an alternative control strategy for
normal engine running and then proceeds to step 200 to await
the next occurrence of an engine stop signal. At this point, for
example, the valve 30 may be commanded to 1solate the
primary and secondary volumes 1n order to raise the pressure
in the primary volume as rapidly as possible.

Returning to decision step 208, 11 1t 1s determined that the
combined volume pressure 1s less than the minimum restart
pressure, then the process moves to step 218 1n which the
valve 30 1s maintained 1n position to 1solate the primary and
secondary volumes 27, 28 and, subsequently, to step 220 1n
which the pump control module 52 configures the fuel pump
24 to provide a maximum fuel delivery rate to the primary
volume 27 until the minimum restart pressure 1s reached.
Following this, the process proceeds to step 212, at which
point the engine 1s restarted and subsequently to step 214 at
which point the current valve control strategy passes control
to an alternative control strategy for normal engine runmng,
and step 200 to await the next occurrence of an engine stop
signal.

The advantage of this control strategy embodiment is that
the minimum restart pressure for the engine 1s reached nearly
instantaneously, should the combined volume pressure be
calculated to be sufficient, merely by operating the valve 30
so that the stored pressure in the secondary volume 28 1s
allowed to boost the pressure in the combined primary and
secondary volumes 27, 28.

To complement the control strategy described above with
reference to FIG. 4 it 1s desirable, although not essential, that
the pressure 1n the secondary volume 28 1s as high as possible
when the engine stop signal 1s received by the valve control
module 54 at step 202. Therefore, an alternative control strat-
egy to that described with reference to FIG. 4 may be imple-
mented by the valve control module 54 whilst the engine 1s
running to ensure that the secondary volume 1s at a suitable
pressure in preparation for a subsequent engine stop event.

With reference to FIG. 5, an alternative valve control strat-
egy begins at step 300 at which point the engine 1s running
substantially stably and that the valve 30 1s at its second
position 1n which the primary volume 27 is 1solated from the
secondary volume 28.

At step 302, the process enters a monitoring phase at which
the pressures 1n both the primary volume 27 and the second-
ary volume 28 are measured, and then the two values are
compared at decision step 304. If 1t 1s determined that the
pressure in the primary rail volume 1s less than the pressure in
the secondary rail volume, the process loops back to step 302
and repeats.

However, 11 1t 1s determined that the pressure 1in the primary
volume 27 1s greater than the pressure 1n the secondary vol-
ume 28, the process moves to step 306 at which the valve
control module 354 operates the valve 30 so as to link the
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primary volume 27 to the secondary volume 28 for a prede-
termined time period, suflicient to allow the pressures in the
two volumes being equalised.

At step 308, the valve control module 54 operates the valve
30 once again so that it returns to 1ts first position so as to
1solate the primary volume 27 from the secondary volume 28,
thereby by trapping a maximised fuel pressure therein 1n the
secondary volume 28. The process then loops back to step 302
whereupon the monitoring phase 1s continued. Beneficially,
this embodiment ensures that the secondary volume 28
always 1s at the highest pressure possible which 1s particularly
suitable to the control strategy for an engine start event
described above with reference to FIG. 4 which improves the
likelihood that the pressure of the combined primary and
secondary volume will either meet or exceed the minimum
start pressure.

It should be appreciated that in this embodiment, since the
primary and secondary volumes are generally 1solated from
one another during normal engine operating conditions, it 1s
preferable for the primary volume 28 to be significantly larger
than the secondary storage volume 28

Having described an alternative control strategies above,
an alternative configuration of the common rail arrangement
22 1s shown 1n FIG. 6, 1n which like parts to those in FI1G. 2 are
denoted by like reference numerals. The common rail
arrangement 22 1n FIG. 6 1s substantially the same as 1n FIG.
2 so only the differences will be described here. Also, 1t
should be noted that the control strategies of FIGS. 3,4 and 5
are applicable to the common rail arrangement of FIG. 6.

In FIG. 6, the common rail arrangement 22 includes an
clectrically operable three-way valve 89. The three-way valve
59 1s operable 1n first and second positions 1n the same way as
the two-way valve 30 1n the embodiment 1n FIG. 2 but 1t 1s
also operable 1n a third position 1n which the primary volume
27 1s 1solated from the secondary volume 28 and the second-
ary volume 28 communicates with a low pressure drain, for
example the fuel tank 35 of the vehicle. Beneficially, there-
tore, the pressurised fuel 1n the secondary volume may be
discharged without affecting the pressure of fuel in the pri-
mary volume which may be desirable for certain engine com-
bustion requirements and/or to reduce stresses 1n the system.

In an additional or alternative variation on the above
embodiment, the three-way valve 59 may also be configured
to be operable to a position so that the primary volume 27 1s
linked to the low-pressure drain 35.

It should be appreciated that various modifications may be
made to the above embodiments without departing from the
overall concept of the invention, as defined by the claims. For
example, although 1t has been described above that the pri-
mary volume 1s larger than the secondary volume, this need
not be the case and the secondary volume could be equal in
s1ze 1o, or indeed larger than, the primary volume depending
on the design consideration of the application with which the
system 1s to be used. In addition, 1t will be appreciated that the
exact configuration of the fuel injection system shown in
FIGS. 2 and 6 1s exemplary only and 1s not intended to limat
the invention. For example, although a pump 1s illustrated as
pumping fuel directly from the tank, to the common rail
arrangement, in practice the fuel mjection system would also
likely include fuel filters, and even fuel coolers or fuel heaters,
although these are not essential to the inventive concept, as
defined by the appended claims. Furthermore, although only
a single secondary volume has been described above with
reference to FIGS. 2 and 6, further embodiments will now be
described that provide a greater degree of volumetric control.

FI1G. 7 shows a fuel injection system including a common
rail arrangement 1n simplified schematic form for ease of
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understanding. As with the embodiments of FIGS. 2 and 6,
there 1s provided a primary fuel volume 60 which receives
pressurised fuel from a high pressure fuel pump 62 and which
supplies pressurised fuel to a plurality of fuel injectors 64.
However, 1n this embodiment, in addition to a secondary
volume 66 connected to the primary volume 60 via a valve 68,
there 1s also provided third and fourth volumes 70, 72 each of
which 1s also connected to the primary volume 62 via respec-
tive valves 74, 76. By suitable electronic control over the
operation of the valves 68, 74, 76 the total volume of the
accumulator arrangement 1s variable with a greater degree of
control which may provide further benefit in terms of com-
bustion efficiency. Of course, each of the valves 68, 74 and 76
may be either a two-way or three-way valve as appropniate.

The mnvention claimed 1s:

1. A fluid accumulator arrangement suitable for use with a
compression-ignition internal combustion engine, including
a first storage volume, a second storage volume, a valve
fluidly connecting the first storage volume and the second
storage volume, and control module arranged to receive a
signal indicative of an engine start event, in which circum-
stances the control module 1s operable to:

1) determine a first pressure value indicative of fluid pres-

sure 1n the first storage volume;

11) determine a second pressure value indicative of tluid
pressure 1n the second storage volume;

111) calculate a third pressure value indicative of fluid pres-
sure 1n the combined volume of the first storage volume
and second storage volume;

1v) compare the third pressure value with a predetermined
threshold value;

1v) operate the valve means to fluidly link the first storage
volume and the second storage volume i1 the third pres-
sure value 1s substantially equal to or greater than the
predetermined threshold.

2. The flud accumulator arrangement of claim 1, wherein
the predetermined threshold value 1s indicative of the mini-
mum fluid pressure required in the first storage volume
required to 1nitiate a combustion event 1n an associated
engine.

3. The fluid accumulator arrangement of claim 1, wherein
the control module 1s arranged to receive a signal of an engine
stop event and, 1n response, configures the valve to 1solate the
first storage volume from the second storage volume prior to
a subsequent engine start event.

4. The flmd accumulator arrangement of claim 1, wherein
the control module 1s configured to operate the valve during
operation of an associated engine to optimize the pressure 1n
the second storage volume.

5. The flmd accumulator arrangement of claim 4, wherein
the control module 1s configured to monitor the pressure of
tuel 1n the first storage volume and the second storage volume
when the volumes are 1solated from one another, and 1s con-
figured to link the first storage volume to the second storage
volume for a predetermined time period 1n circumstances
where the pressure 1n the first storage volume exceeds the
pressure 1n the second storage volume.

6. A fluid accumulator arrangement suitable for use with a
compression-ignition internal combustion engine, including
a lirst storage volume, a second storage volume, a valve
fluidly connecting the first storage volume and the second
storage volume, and a control module arranged to receive a
signal indicative of the stability of an engine operating con-
dition after the engine has reached normal operation follow-
ing an engine start and being operable to control the valve 1n
response to the signal.
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7. The fluid accumulator arrangement of claim 6, wherein
in circumstances 1 which the signal indicates a relatively
stable engine operating condition the control module operates
the valve such that the first storage volume communicates
with the second storage volume.

8. The fluid accumulator arrangement of claim 6, wherein
in circumstances 1 which the signal indicates a relatively
unstable engine operating condition, the control module oper-
ates the valve such that the first storage volume 1s 1solated
from the second storage volume.

9. The fluid accumulator arrangement of claim 6, wherein
the signal 1s a value indicating the demanded fuel pressure in
the first storage volume.

10. The fluid accumulator arrangement of claim 6, wherein

10

the control module 1s arranged to receive a signal indicative of 13

an engine start event, 1n which circumstances the valve con-
trol module operates the valve such that the first storage
volume 1s 1solated from the second storage volume.

11. A fluid accumulator arrangement suitable for use with
a compression 1gnition internal-combustion engine compris-
ing a first storage volume and a second storage volume, and a
valve fluidly connected between the first storage volume and

20

12

the second storage volume, wherein the valve 1s a three-way
control valve and wherein, 1n a first position, the first storage
volume communicates with the second storage volume, in a
second position the first storage volume 1s 1solated from the
second storage and, 1n a third position, one of the first or
second storage volumes communicates with a low pressure
drain.

12. The fluid accumulator arrangement of claim 11, further
comprising a further one or more storage volumes each pro-
vided with a respective two-way valve or three-way valve to
connect said further one or more storage volumes to the first
storage volume.

13. The flmd accumulator arrangement of claim 11,
wherein the first storage volume communicates with one or
more fuel injectors.

14. The flmd accumulator arrangement of claim 11,
wherein the first storage volume includes a fluid pressure
SENSor.

15. The flmud accumulator arrangement of claim 11,
wherein the first storage volume 1ncludes a connection for a
high pressure tluid pump.
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